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Background: In childhood, inadequate fluid intakes can lead on the short term, to reduced physical and cognitive
performances. However, few data are available on the fluid intake among schoolchildren in Belgium. The main
aim of this study is to evaluate total fluid intake provided by different types of beverages in a sample of Belgian
schoolchildren, in order to assess the percentage of individuals complying with the European Food Safety Authority
recommendations for total fluid intake. A secondary aim was to characterize the study population in terms of
determinants of the total fluid intake requirements.
Methods: A child friendly “fluids and liquid food” diary was used to prospectively record the volume and frequency
of beverage consumption over 7 days from 1045 schoolchildren. This diary also recorded the practice of physical
activity. An adequate fluid intake was defined as an intake ≥ 75% of the age-specific adequate intake recommended
by the EFSA.
Results: The median (P25-P75) of habitual daily fluid intake was 864 (608–1104) ml/day, with 355 (194–579) coming
from drinking water. This habitual daily fluid intake varied significantly among the three investigated EFSA groups
(girls and boys aged from 8 years, girls from 9 to 13 and boys from 9 to 13), except for the drinking water (P = 0.906).
The highest medians of fruit juice, sugar-sweetened beverages and milk and derivatives were found among boys of
9–13. Only 9.5% of the children had an adequate fluid intake, with a value of 19.2% among the 8 years old girls and
boys, 7.0% among girls of 9–13 and 8.4% among boys of 9–13. In the whole sample, 27.7% of the children declared
to drink less than 3-4x/day, 56% drunk water less than 2x/day and 7.7% drunk no water at all. Every day, 27.1% and
34.1% of the children drank respectively one fruit juice and one sugar-sweetened beverage.
Conclusion: Belgian schoolchildren have an inadequate total fluid intake. Given the potential health consequences,
interventions involving parents and school environment to promote water consumption seem pertinent.
Keywords: Public health, Nutritional epidemiology, Nutritional education, Children nutrition, Fluid intake, Water intake,
Beverages, Childhood obesity, Carbohydrate consumption, Added sugarsBackground
Water is the major component of the human body and
can therefore be considered as a construction element.
However it also acts as a medium to support numerous
metabolic reactions and to transport nutrients, hor-
mones, waste products and heat in the body. Adequate
hydration is consequently essential for life and for main-
taining normal physical and cognitive performances [1].
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sum of water losses. Sources of water intake are fluids
(drinking water and beverages), moisture content of
foods and water produced by oxidative processes in the
body. The amount of the metabolic water is however
limited: it varies from about 250 to 350 ml/day in seden-
tary people to 600 ml/day in very active persons [2].
Requirements of water intake vary between individuals
and according to environmental factors such as climate,
physical activity and diet. Due to this variability, a mini-
mum level of water intake cannot be used to set water re-
quirements as the risk for water deficiency would be too
high [1]. Therefore, the European Food Safety Authorityl Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
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(water from fluids and food) from a combination of ob-
served intakes in populations with desirable osmolarity
values of urine and desirable water volumes per energy
unit consumed [2]. For both boys and girls aged from 4 to
8 years, the adequate total water intakes are 1600 ml/day;
for girls aged from 9 to13 years, they are 1900 ml/day and
for boys of this age group, they are 2100 ml/day [2]. Since
the predominant source of water intake are fluids (80%),
and water from food contributes for only 20% of total
water intake, the focus of this article will be on the fluid
intake, and not total water intake [2]. The rational to as-
sess the quantity of fluid intake can be found in recent re-
search: a low fluid intake (<1 l/day) can lead on the short
term, to a reduced physical and cognitive performances
[3]. On the long term, a low water intake has been associ-
ated with the development of chronic kidney disease,
lithiasis and hyperglycemia [4-6]. Even though these re-
searches were performed among adults, similar research
among children is merging [7,8]. Besides the quantity of
fluid intake, the quality of fluid intake also needs to be
assessed. According to the World Health Organization
(WHO), a high consumption of sugar-sweetened bever-
ages (SSBs) and juices could have a detrimental health ef-
fect, and an excessive consumption of SSBs is considered
as a risk factor for overweight and obesity [9-12]. A cross
sectional study (HELENA-CSS) collecting data of 2741
European adolescents (age 12.5-17.5 years) residing in 8
countries (Greece, Germany, Belgium, France, Hungary,
Italy, Sweden, Austria and Spain) showed that sugar-
sweetened beverages (SSBs) and juices represent an im-
portant part of the daily fluid consumption [13].
Even though prevalence of overweight and obesity
among Belgian children aged 10 to 12 years was already
remarkable in 2010 (respectively 13.2% boys and 11.2%
girls, 3.7% boys and 2.3% girls), to the best of our
knowledge, the consumption of SSBs, fruit juices and
water among this age category has not yet been investi-
gated [14].
Moreover, a recent survey among elementary school
aged children in France suggested an inadequate water
intake during the school day, warranting an assessment
of fluid intake among Belgian schoolchildren [15]. Be-
sides, after the survey, the school together with the par-
ents could potentially educate or influence the fluid
intake behavior of children, since they are an important
reference for children [16,17].
The Belgian Consumption Food survey conducted in
2004 reported on fluid intake of Belgians older than
15 years and the results were reported on basic bever-
ages for the fluid intake without energy. The mean daily
consumption, evaluated on 24 hours was, for the 807
Belgians of 15 – 18 years, equal to 731 ml/day with
577 ml/day for the drinking water [18].Given the limited available data on fluid intake among
Belgian schoolchildren and the potential detrimental
health effect of a low fluid intake and/or a high intake of
SSBs, investigating the intake of drinking water and
beverages of schoolchildren seemed pertinent. Therefore,
the main aim of the present study was to evaluate total
fluid intake provided by different types of beverages in a
sample of children representative of the Belgian school-
children aged 8 to 13 years, in order to assess the percent-
age of individuals complying with the EFSA adequate
intake for total fluid and for water intake. A secondary
aim was to characterize the study population in terms of
determinants of the total fluid intake requirements.
Methods
Study sample
The recruitment protocol of the children was based on
the international protocol of the Health Behavior in
School-aged Children study [19]. Based on a prevalence of
36% of adequate intake, observed in a French study, pub-
lished in 2008, based on the beverage consumption in a
sample of 1005 children aged from 6 to 11 years [20], a
confidence interval of 95% and a precision of +/- 3%, the
calculation of sample size, performed using Epi Info - ver-
sion 3.5.3, suggested that 982 children should be included
in the study. As the sampling protocol used has a design
effect around 1.2 [19], the minimum number of subjects
to include was equal to 1178 children. With the intention
to have at least one class of each educational level (3rd up
to 6th) per school, and with the assumption that each class
contained approximately 20 children, at least 80 children
could be recruited per school and then 20 schools would
be needed. Three random samples of 20 schools each were
selected among the nearly 4500 elementary schools lo-
cated in the 9 Provinces of Belgium: one main sample and
two reserves. If the school principal accepted to participate
in the study, all the pupils of the school from 3rd to 6th
grade were eligible for the study. When a principal refused
his consent, the school was replaced by a school, from the
reserve samples, presenting, same characteristics. Finally,
on one hand, 36 schools have refused to participate and,
on the other hand, 13 schools have accepted the protocol
and have participated to the study. Therefore, 1197 chil-
dren of both genders, aged from 8 to 13 years, attending
the second cycle of conventional primary school (3rd up
to 6th grade) in Belgium were eligible for this study.
Ethical aspects
The ethical committee of the Queen Fabiola Children’s Uni-
versity Hospital of Brussels approved (on 20 September 2011)
the study protocol and all the documents distributed to the
schools, children and parents (reference: CEH-N°58/11). An
informed consent was signed by all participating children and
their parents, and all the data were recorded anonymously.
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Two visits took place in each school between February
and June 2012. During the first visit, a letter of informa-
tion addressed to the children and their parents, the in-
formed consent and the nutritional questionnaire were
handed over to the teachers. During the second visit, the
completed questionnaires were collected and the child
data (i.e. gender, date of birth and anthropometrical
measurements) were recorded.
The “child” form recorded, for each subject, the ano-
nyms study identification number, the gender, the date
of birth and the anthropometrical measurements. These
measurements were collected to characterize the study
population in terms of determinants of water require-
ments. Children were weighted in standing position,
in light clothing and stocking feet, to the nearest
0.1 kg, using a calibrate and transportable balance (Seca
Elegantia 815®) accurate to 0.1 kg. Height (in cm) was
measured, to the nearest 0.5 cm, with a portable micro-
toise (Seca 2131721009®). Waist circumference (in cm)
was measured, at the narrowest point between the lower
costal border and the iliac crest, at the end of expiration
and above a T-shirt, with a tape measure (Nutricia®) to
the nearest 0.1 cm.
A “fluids and liquid food” diary was used by the chil-
dren to record prospectively their total liquid intake dur-
ing 7 consecutive days [21,22]. The days of the diary
were divided into 7 time slots: awakening and breakfast
(6–10 AM), morning (10–12 PM), lunch (12–14 PM),
afternoon (2–4 PM), afternoon snack (4–6 PM), dinner
(6-8 PM), evening (8–10 PM) and night (10 PM-6 AM).
Children were instructed to record, for each period,
whether or not they drank anything. If they drank any-
thing, details on the type and the volume of fluid, as well
as details on the addition of sugar, fruit syrup, cacao or
others, were requested. To help the children to report
on the consumed volume, each child received a 250 mil-
liliters (ml) graduated glass. If physical activity was per-
formed, the type and the duration of the activity were
also recorded.
To render the task of filling in the diary more enter-
taining and less dull, and consequently to reduce
the rate of non-response, small smiley face stickers
were used to fill out the diary. To avoid possible
stigmatization, it was not the shape of the mouth of the
smiley, but the color of the smiley face sticker that indi-
cated the response. A green smiley sticker at a given lo-
cation in the diary indicated the consumption of food or
fluid item or the performance of a physical activity,
whereas a blue smiley sticker indicated the opposite.
Again to avoid stigmatization, the color red was avoided.
For ensuring that the eagerly awaited tasks were clear
and feasible, a pretest of the diary was done among 20
children.Variables
Based on the measures of weight and height, the BMI
z-score of each child was calculated and the classifica-
tion as normal weight, overweight or obesity was made
in relation to the cutoffs set by the International Obesity
Task Force (IOTF) [23]. Waist circumference, inter-
preted according to the child’s age, was used to define
the presence of excessive body fat [24].
The mean daily physical activity frequency of each
child was calculated as the total number of periods of
physical activity reported, divided by the total number of
days completed in the diary. The same calculation was
made to estimate the mean daily duration of physical ac-
tivity. WHO recommends, for children aged from 5 to
17 years, to accumulate at least 60 minutes of moderate-
to vigorous-intensity physical activity daily and vigorous-
intensity activities at least 3 times per week [25]. The
frequency and the duration of habitual physical activity
were categorized according to these recommendations
into: “<1X/day” versus “≥1X/day”, “<60 min/day” versus
“≥60 min/day” and “<3X/week” versus “≥ 3X/week”.
The “habitual daily fluid intake frequency” and the
“habitual daily fluid intake volume” were calculated re-
spectively as the total of fluid intakes and the total of the
volume of fluids consumed over the period (independ-
ently of the type of fluid divided by the total number of
days completed in the diary). A child was considered to
have an adequate intake of fluids if his/her daily habitual
fluid intake volume was ≥ 75% of the AI recommended
by the EFSA for his/her age group. The EFSA assumes
that 70 to 80% of the total water intake comes from
fluids and 20 to 30% from food [2].
The types of fluid were classified as following: water,
milk and derivatives, juices, SSBs, artificially sweetened
beverages (diet beverages), energy drinks, alcoholic bev-
erages and soup. The contribution of each fluid type, as
a proportion of the mean daily total fluid volume was
also calculated. The habitual daily consumption of sugar
from fluids was estimated based on the habitual daily in-
take of fruit juices and SSBs. For this calculation, the
sugar content of fruit juices is assumed to be 10% and
those of SSBs 11% [26]. These percentages correspond
to the minimum sugar content such fluid types could
contain. The energy intake (kcal) from these fluid types
was also calculated.
Data processing and statistical analysis
On the 1197 eligible children, 34 have refused to partici-
pate. On the 1163 respondents; 1045 children have
workable data. Data were entered using EpiInfo.6 and
Excel 2010.
Proportions were used to present the BMI levels, the
levels of physical activity and the adherence to EFSA ad-
equate intake). Because total fluid intake, drinking water,
Table 1 BMI and physical activity levels, according to the
three EFSA groups
Girls & boys, Girls, Boys, P value
8 years 9-13 years 9-13 years
BMI classes (n = 162) (n = 427) (n = 361) 0.429
Normal 80.2 74.9 75.4
Overweight 16.7 19.9 17.5
Obese 3.1 5.2 7.1
Physical activity (n = 155) (n = 419) (n = 352) 0.052
≥ 1 x/day 16.1 9.6 23.3
Physical activity (n = 155) (n = 419) (n = 352) 0.118
≥ 60 min/day 24.8 17.5 29.8
Physical activity (n = 133) (n = 372) (n = 316)
≥ 3 x/week 57.4 57.3 67.9 0.200
Data are %.
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skewness, median with both 25th and 75th percentiles
were used to describe them.
Because the EFSA recommendations are formulated
by age and gender, results were presented according to
three groups: (1) the girls and the boys aged of 8 years,
(2) the girls aged from 9 to 13 years and (3) the boys
aged from 9 to 13 years. Because it is also well know that
the intensity of physical activity had an influence on the fluid
intake, the beverage consumption, and the adherence to the
EFSA recommendations were presented according three
levels of physical activity: (1) children who performed a
physical activity ≥ 3×/week and for at least 60 min/day,
(2) children with intermediate levels (i.e. ≥3×/week
and < 60 min/day or < 3×/week and ≥60 min/day) and (3)
children who performed a physical activity < 3×/week and
less than 60 min/day.
All the comparisons of proportions according to the
three EFSA groups or according to the three levels of
physical activities were made with the help of the
Pearson’s chi-square test (with the correction of Rao and
Scott for take into account the design of the study).
Asymmetric distributions were compared with the help
of quantile regression with bootstrapped standard errors
(for take into account the design of the study). The
significance level for all tests was 0.05 and all statis-
tical analyses were performed using Stata/SE 12.0 for
Windows (TX: StataCorp LP).
Results
The full analysis set contained the data of 1045 children
and 91,7% of all children have completed all the 7 days
of the fluid diary as requested. According to the EFSA
groups, we have 16.7% of boys and girls aged to 8 years,
45.1% of girls aged from 9 to 13 years and 38.2% of boys
aged from 9 to 13 years (Data not shown). Body mass
index and physical activity levels are presented according
to the three EFSA groups in Table 1. Independently of
these three groups, overweight was diagnosed in 18.1%
of the children, and obesity in 5.5% (Data not shown).
These proportions were not statistically significantly dif-
ferent among the three EFSA groups (Table 1). Regard-
ing the several variables related to physical activity, there
were no statistically significantly variations among the
three EFSA groups (Table 1). For all the children, the
median (P25-P75) duration of physical activity was 32.1
(17.1-57.1) minutes per day (Data not shown). The me-
dian (P25-P75) of habitual daily fluid intake was 864
(608–1104) ml/day (Data not shown). The distributions
of this habitual daily fluid intake were statistically signifi-
cantly different (P = 0.036) according to the three EFSA
groups, with the highest median observed among the
9–13 years old boys (920 ml/day vs. 836 ml/day for the
9–13 years old girls and 809 ml/day for the 8 years oldboys and girls) (Table 2). For all the children, the several
medians (P25-P75) of the different fluid types were: 355
(194–579) ml/day for the drinking water, 143 (71–240)
ml/day for the juices, 175 (89–311) for the SSBs and 150
(79–250) for the milk and derivatives (Data not shown).
Except the drinking water, which doesn’t varied statisti-
cally significantly (P = 0.906) among the three EFSA
groups, the others fluid types were statistically signifi-
cantly different among these groups, always with a
higher median value among the 9–13 years old boys
(Table 2). The median (P25-P75) amount of sugar pro-
vided by beverages investigated was equal to 38 (23–56)
g/day (Data not shown). The quantity was statistically
significantly higher among the 9–13 years old boys
(43 g/day vs 36 g/day for the 9–13 years old girls and
35 g/day for the 8 years old boys and girls) (Table 2).
The adequate intake for total fluid intake published by
the EFSA was reached by 9.5% of all the children (Data
not shown). The proportion of adequate intake differed
statistically significantly among the three EFSA groups.
The proportion of adequacy was the highest in the
group of girls and boys aged to 8 years (19.2%) com-
pared to the two others groups (7.0% for the 9–13 years
old girls and 8.4% for the 9–13 years old boys) (Table 2).
Based on the total fluid intake reported, the 8 years old
girls and boys meet 67% of the recommended adequate
intake and among the 9–13 years old, the proportions
were nearly the same for the girls and the boys (58.7%
and 58.2% respectively) (Table 3). On the whole, drink-
ing water had contributed to 41.0% of the total fluid in-
take whereas juice and SSBs have contributed for 12.3%
and 16.6% respectively (Data not shown). Regarding the
variations of these contributions among the three EFSA
groups, taking into account the fact to be or not in ad-
equacy with the recommendations, we could see that the
proportions of drinking water relative to the total fluid
Table 2 Adequate intake, total fluid intake, drinking water, fruit juice, SSB, milk and derivatives and sugar, according
to the three EFSA groups
Girls & boys, Girls, Boys, P value
8 years 9-13 years 9-13 years
(n = 146) (n = 416) (n = 344)
Adequate intake EFSA, % 19.2 7.0 8.4 <0.001
(n = 146) (n = 416) (n = 344)
Total fluid intake* (ml/day) 809 (513–1089) 836 (606–1061) 920 (671–1154) 0.036
(n = 129) (n = 395) (n = 316)
Drinking water (ml/day) 333 (179–554) 357 (207–571) 357 (165–614) 0.906
(n = 117) (n = 324) (n = 260)
Fruit Juice (ml/day) 121 (64–228) 136 (64–236) 163 (86–249) 0.003
(n = 113) (n = 351) (n = 283)
SSB (ml/day) 144 (86–279) 161 (82–268) 214 (100–369) <0.001
(n = 113) (n = 331) (n = 279)
Milk & derivatives (ml/day) 143 (86–250) 143 (71–229) 171 (86–264) 0.046
(n = 95) (n = 280) (n = 220)
Sugar (g/day) 35 (22–57) 36 (22–51) 43 (25–62) 0.012
Data are % or Med (P25-P75).
*Total fluid intake is defined as water from drinking water and beverages and excludes water from food.
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pared to the not adequate groups (Figure 1). On the
other hand, the proportions of SSBs relative to the total
fluid intake were, both for the girls and the boys aged
from 9 to 13 years, higher for those who were not in ad-
equacy with the recommendations (Figure 1). One in 4
children (27.7%) declared to drink less than 3-4×/day.
When the number of fluid intakes was higher than 3-4×/
day, the reported amount of water consumed tended to
increase. More than half (56%) of the children declared
to drink water less than 2×/day water and even 7.7% re-
ported not to have drunk any water. Twenty-seven per-
cent of the children drank one fruit juice every day and
34.1% drank one SSB every day. Milk and derivatives
were not consumed daily by 71.8% of the children.Table 3 Median of the average total fluid intake per day (ml/
to the target groups of the EFSA recommendations
EFSA groups Recommended* adequate intakes (AI) n
Girls & boys, 1,600 ml/day 146
≤ 8 years with “70-80% provided by fluids”**
→ 1200 ml/day
Girls, 1,900 ml/day 416
9-13 years with “70-80% provided by fluids”**
→ 1425 ml/day
Boys, 2,100 ml/day 344
9-13 years with “70-80% provided by fluids”**
→ 1575 ml/day
*EFSA recommendations, **we have used 75% which is the average of the 70-80% pos
***Total fluid intake is defined as water from drinking water and beverages and excludSeventy-three % of the children reported to never con-
sume soup (Data not shown).
Practicing physical activity had a significant relation-
ship on the consumption of total fluid intake and of
drinking water. The medians of total fluid intake were
statistically significantly (P < 0.001) different among the
three levels of physical activity considered; with the
highest median among the children who performed a
physical activity ≥ 3×/week and for at least 60 min/day
(Table 4). Statistically significant (P = 0.004) variation
was also found regarding the drinking water consump-
tion, with the lowest median observed among the chil-
dren who performed a physical activity < 3×/week and
less than 60 min/day (Table 4). Finally, the proportion of
children who meet the recommendations of the EFSAday), and percentage of the adequate intake, according





es water from food.
Figure 1 Proportion (%) of water, juice and SSBs intakes on the total fluid intake from beverages, according to the adequacy (or not)
in the three EFSA groups.
Table 4 Adequate intake, total fluid intake (defined as intake from drinking water and beverages, excluding water
from foods), drinking water, % water/total fluid intake, fruit Juice, % juice/total fluid intake, SSB and % SSB/total fluid
intake, according to the three physical activity levels
≥3x/week & ≥60 min/day Intermediate* <3x/week & <60 min/day P value
(n = 184) (n = 380) (n = 242)
Adequate intake EFSA, % 15.8 10.3 5.4 0.007
(n = 202) (n = 403) (n = 257)
Total fluid intake (ml/day) 995 (722–1265) 893 (664–1116) 818 (586–1018) <0.001
(n = 192) (n = 383) (n = 230)
Drinking water (ml/day) 471 (254–717) 357 (196–586) 328 (167–496) 0.004
% water/total fluid intake 48.2 39.9 34.8
(n = 153) (n = 320) (n = 202)
Fruit Juice (ml/day) 164 (71–257) 147 (75–236) 143 (64–236) 0.570
% juice/ total fluid intake 12.0 12.3 12.9
(n = 159) (n = 341) (n = 219)
SSBs (ml/day) 196 (89–347) 181 (94–293) 157 (86–300) 0.192
% SSBs/total fluid intake 13.1 16.7 18.3
*Intermediate is (≥3x/week & < 60 min/day) or (<3x/week & ≥60 min/day).
Senterre et al. BMC Public Health 2014, 14:651 Page 6 of 10
http://www.biomedcentral.com/1471-2458/14/651
Senterre et al. BMC Public Health 2014, 14:651 Page 7 of 10
http://www.biomedcentral.com/1471-2458/14/651was statistically significantly (P = 0.007) higher among the
children who performed a physical activity ≥ 3×/week and
for at least 60 min/day (15.8% vs. 10.3% for the intermedi-
ate level and 5.4% for the children who performed a phys-
ical activity < 3×/week and less than 60 min/day) (Table 4).
Discussion
At the best of our knowledge, there are no other studies
which have investigated the fluid consumption among
school-aged children in Belgium. Our study is based on
a large representative sample of whole the Belgium and
not only based on a part of the country.
Total fluid intake provided by beverages
As observed by other teams in others countries, the re-
sults of the survey showed an insufficient total fluid in-
take provided by beverages: The adequate intake for
total fluid intake published by the EFSA was reached by
only 9.5% of all the children. A recent survey among
French schoolchildren aged from 9 to 11 years showed
that 2/3 of the children had a low fluid intake in the
morning after breakfast; and at breakfast 73.5% of stu-
dents drank less than 400 ml [15]. Four other European
studies showed the following results: the average volume
consumed by 593 French children aged from 3 to 9 years
was 838 ml/day, an Italian study reported a volume of
744 ml consumed by 138 children aged from 1 to 9 years
and the German study among 363 children aged from 4
to 10 years describe an average fluid intake ranging from
520 to 690 ml/day [27-29]. In the “Donald” cohort study,
the observed values were very similar to those found in
the present study: the mean fluid intake for girls and
boys aged 9–13 years was 823 ml/day and 969 ml/day
respectively [30].
Drinking water
Our results on water intake (333 ml/day for children
aged from 8 years, 357 ml/day for the girls aged from 9
to 13 years and 357 ml/day for the boys of the same age
group) are also comparable to those observed among the
German children: 215 ml/day for children aged from 4
to 8 years, 344 ml/day for boys from 9 to 13 years and
298 ml/day for girls of the same age [30]. The 8-year-old
children of our sample drank on average 333 ml/day.
This seems higher than in children of the German co-
hort, but this difference is probably due to the younger
age of the German subpopulation. Among American
children and adolescents aged from 2 to 18 years, con-
sumption data recorded in 2005–2006 revealed a mean
water intake of 552 ml/day. Thirty years ago (1977–1978)
the mean water consumption among this population was
624 ml/day [31]. A Brazilian study among children and
adolescents reported a mean water consumption of
480 ml/day among the 3–6 years old, 610 ml/day amongthe 7–10 years old and 700 ml/day among the 11–17 years
old [32]. The difference in climate between Belgium and
Brazil could be a possible explanation for the difference in
water intake. However, the contribution of water to the
total fluid intake in this Brazilian study represented only
33-34% whereas in the present study the contribution of
water was 41%.
Given the low water intake observed among children,
a concern about the potential impact on their hydration
status and their health is legitimate. A low water intake,
less than 50% of the total fluid, will be compensated by
the intake of other beverages that will indeed contribute
to the maintenance of the hydration balance but also to
a positive energy balance. Moreover, a low water intake
has been shown to affect the cognitive abilities of
children. Recent studies have shown a link between
hydration status and cognitive performance and the ap-
pearance of headache [7,8,31,33,34]. A striking, yet posi-
tive observation made from the current results is that by
increasing the daily consumption of water, and not SSBs,
the AI for total water intake was achieved.
Performing a physical activity causes a water loss and
demands adequate hydration [1,31]. Children in this
study who practice a physical activity at least 3 times per
week and for a minimum duration of 60 minutes per
day consumed significantly more water (471 ml/day)
than the less physically active children (357 ml/day for
the intermediate level of physical activity and 328 ml/
day for the children who practice a physical activity less
than 3 times per week and less than 60 minutes per
day). More extensive and targeted research is necessary
to determine whether this higher water intake is suffi-
cient to compensate for the water loss induced by the
physical activity.
Fruit juices and SSBs
The most consumed fluids after water were SSBs and
fruit juices. They represent, respectively, on average,
16.6% and 12.3% of the habitual total fluid intake. The
habitual median (P25-P75) intake of SSBs per child was
175 (89–311) ml/day and of fruit juice 143 (71–240)
ml/day.
Compared to the present study, the “Donald” cohort
study reported a very similar level of consumption of
fruit juice and of sugary drinks [30]. The children in the
present study consumed more sugary drinks than fruit
juice while the German schoolchildren aged from 4 to
9 years consumed more fruit juice than sugary drinks
[30]. In a review on hydration and fluid intake behaviors
among children, Bresson and Goudable [35] referred to
the results of several epidemiological studies showing an
inadequate total water intake due to a low water intake
on one hand and a high intake of SSBs and fruit juices
on the other hand.
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http://www.biomedcentral.com/1471-2458/14/651According to the National Health Council, the energy
need of a child, aged from 8 to 12 years with a light
physical activity level, ranges from 53 to 60 kcal/kg/day
for boys and from 47 to 57 kcal/kg/day for girls. The in-
take of added sugars should not exceed 10% of total en-
ergy intake [36]. Applying this recommendation to the
children in the present study, the energy requirement is
2094 kcal/day (56 kcal*37.4 kg) with a maximum of
209 kcal from added sugars for the boys and 1924 kcal
(52 kcal*37 kg) with a maximum of 192 kcal from added
sugars for the girls. The observed mean energy intake
from sugar derived from beverages is 169 kcal/day and
140 kcal/day for boys and girls respectively. This energy
input is 3/4 of the recommended upper limit of added
sugars by the National Health Council. Since added
sugars from beverages are now recognized as a risk fac-
tor for excessive weight gain [12,37-40], this energy in-
put is alarming because the children of the present study
already have a mean weight above the 90th percentile on
the international curves; one fourth of them is over-
weight or obese and 70% of them do not reach 60 mi-
nutes/day of physical activity. This cross-sectional study
naturally does not imply a causal link between over-
weight or obesity and sugar consumption. However as
mentioned by the WHO, these findings of a high con-
sumption of soft drinks and juices are likely to lead an
entire young population to an increased risk for non-
communicable diseases such as obesity and dental caries
disease [9,10].
Soup
Soup is apparently no longer part of the eating habits of
the young generation as 73.1% of the selected children
never eat soup. Among the consumers of soup, the ha-
bitual amount was 64.3 ml/day. This portion size is not
even equivalent to one of the five recommended daily
portions of fruit and vegetables.
Milk and dairy drinks
The milk is under-consumed by the children in the study:
71.8% of children do not consume milk or milk drinks
daily and, among the consumers, the habitual amount was
equal to 150.0 ml/day. The “Donald” cohort study showed
that the range of milk consumption among 4 to 13 year
old children was 144 to 203 ml/day [30]. This study also
highlighted a declining trend in milk consumption. The
same trend was observed in the NHANES survey: the
number of young children who drink milk decreased sig-
nificantly over the last decade while the consumption of
fruit juice dramatically increased [41]. They also pointed
out that milk was the main source of calcium for children.
Although our study population is older, the same alarming
conclusion about calcium intake derived from milk and
milk drinks was drawn.Frequency of consumption
The survey method and the «fluids and liquid food»
diary made it possible to objectively determine the fre-
quency of consumption of each fluid type. As expected,
all children consumed at least one drink per meal, 3 to 4
times/day (breakfast, lunch, snack and dinner).
The low frequency of water consumption raised ques-
tions about the availability of water and its accessibility
at home, but also at school where children spend most
of the day or during outdoor activities. Various studies
investigated the accessibility to water in schools and the
impact on fluid intake [18,42]. Teachers have recognized
an improvement in concentration and learning of their
pupils when they had free access to water [8,34]. Bresson
and Gaudable [35] suggested that a possible option to
promote water consumption includes educational pro-
grams involving different people present in the lives of
children like parents, teachers and medical and social
workers. They proposed to enhance water consumption
by providing information on the health benefits of water
and by increasing the accessibility to water in the daily
environment of the child, including school.
Strengths and limits of the study
The fluid intake data presented in this article were ob-
tained by a fluid diary completed over 7 consecutive
days by the children with the help of their teachers and
parents. The volume of fluid consumed was objectively
measured by the use of a graduated cup.
The use of a specific recording instrument suitable
for children seems to be the most appropriate method
for assessing the amount of liquids consumed and the
amount of water volumes [43,44]. Conventional methods
of food records (food diaries) covering all the different
meals over several days, were criticized because these in-
struments risk to not accurately record the volume and
the type of drinks consumed outside meals possibly due
to forgetfulness [43,44]. In the present study, the chil-
dren completed each day their specific fluid diary and
this over one week. On the one hand, this method is
time demanding and expensive, while, on the other
hand, the recall bias is minimized as it is completed at
the time of consumption. However, in order to complete
this diary, children, need to be able to read and write,
which could result in a selection bias. Yet, the selection
bias in this study was even reduced by the fact that the
completion of the fluid diary was integrated in the
school activities. This also could explain the good par-
ticipation rate of 87% to the recording of the diary. A
participation rate of 30% is generally accepted as a good
recruitment. In addition, the completion rate for the en-
tire sample was 91.7%, which means that 916 children
out of the 999 children have properly completed the full
7 days of the diary.
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http://www.biomedcentral.com/1471-2458/14/651A potential overestimation of the total fluid intake
should not be disregarded. The child could possibly take
the smiley stickers used to complete the diary as a game
and consequently they could have been stimulated to
drink. The study protocol was however designed in
order to avoid all other possible stimuli from persons
outside the usual environment of the child to complete
the diary. Looking at the results, an overestimation
seems unlikely because the observed volumes are close
to those observed in other studies.Conclusion
The main objective of the study was to estimate the vol-
ume of water and other beverages consumed by Belgian
schoolchildren aged 8 to 12 years and to compare these
intakes to the current EFSA recommendations. The
results showed a low total fluid intake provided by
beverages (<1 liter/day) with a contribution from water
(41.3%) too small compared to the contribution from
fruit juice and sweetened beverages (12.3% and 16.6% re-
spectively). Twenty five percent of the children drank
less than 3 to 4 times per day. Another observation was
the low consumption of “healthy liquid food” by these
schoolchildren. The girls had a healthier behavior as they
chose more frequently water than boys who preferred
sugary drinks. The most physically active children con-
sumed daily more water than the less physically active
children. If children want to reach the adequate intake
on total water, a minimum contribution of 55% of water
to the total fluid intake seems essential, with a consump-
tion distributed on at least 3 to 4 times per day.
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